The study was designed to compare the oral microbiota in normal and HIV-infected individuals. The study tries to establish a significant shift in oral microflora in HIV-infected patients. Antibiotic sensitivity testing was performed to establish any rise in resistance against the antibiotics. It was a two and half year prospective study conducted in a tertiary care centre. The study group consisted of eighty subjects divided into two groups of control and HIV. The age range for this group was 9-75 years. The mean age in this group was 39.7 years. The male:female ratio was 2.75:1. Tuberculosis was the most common opportunistic infection in patients with HIV infection. The most common commensal micro organism isolated was the Viridans streptococci in 60% followed by Streptococcus pneumoniae in 23.33%. HIV Group: The most common commensal micro organism isolated was the Viridans streptococci in 42%; this was followed by the Micrococci spp. in 22% cases. S. pneumoniae was isolated in 6% of cases. The colony count for Viridans streptococci showed a heavy growth in 55.56% of cases in controls whereas the same in HIV group was 62.5%. Micrococcus spp. was isolated from 11 subjects in HIV group while it was not isolated from the controls. 50% subjects in the HIV group showed a heavy growth of Klebsiella spp. whereas controls showed only moderate and scanty growth. In patients with CD4? T cell count less than 50 cells/ll we found a heavy colonization of the oral cavity with Micrococcus spp., Acinetobacter and Klebsiella spp. Viridans streptococcus was not isolated in any of the patients with CD4? T cell count less than 50 cells/ll. As CD4? T cells counts improved to 51-100 cells/ll Viridans streptococcus colonies returned and 37.5% patients showed a heavy growth. Micrococcus spp. colonies were isolated till the CD4? T cells improved up to 300 cells/ll. At counts [ 300 cells/ll the oral microbiota became comparable to that of the controls. Many of the opportunistic infections in HIV are caused by commensal bacteria which are otherwise harmless in a normal individual. Our study is unique in that such a study of the oral commensals in HIV patients has never been reported. We found an increased colonization of the oral cavity by Micrococcus spp. which is a normal commensal of the skin.
Introduction
Acquired Immunodeficiency Syndrome (AIDS) has killed more than 25 million people since it was first recognized in 1981, making it one of the most destructive epidemics in recorded history [1] . India has a population of one billion, around half of whom are adults in the sexually active age group. The first AIDS case in India was detected in 1986, and since then HIV infection has been reported in all states and union territories. The Indian National Aids Control Organization (NACO) estimates that 5.134 million people were living with HIV in 2004. The adult prevalence rate of HIV in India is 0.9% [2] .
Acute infection is the leading cause of morbidity and mortality in immunosuppressed patients with HIV infection. In neutropenic patients, it's a well known fact that acute exacerbations of pre existent periodontal disease can result in systemic sequelae [3] . In HIV infection, like all viral infection it is believed that the cell-mediated immunity plays a very important role in host defense. Acute infections of the upper respiratory tract are prevalent in all stages of HIV infection. The most severe cases tend to occur in patients with lower CD4? T cell counts. HIVinfected individuals are predisposed to infection with bacteria; in particular Streptococcus pneumoniae and nontyphi Salmonella [4] . Other studies have found an increased incidence of infection with Haemophilus influenza and Pneumococci which are capsulated organisms [5] . Schmidt et al. [6] in his study found that 5.0% of the HIVinfected patients had colonization with different species of Enterobacteriaceae.
Several studies have established the indiscriminate use of antimicrobials may cause a shift of oropharyngeal microbiota and favor colonization with gram-negative rods [7, 8] . Such a shift is well established in patients with leukemia [9] , but there are few published accounts highlighting such a shift in HIV-infected patients.
The present study was designed to compare the oral microbiota in normal and HIV-infected individuals. The study tries to establish a significant shift in oral microflora in HIV-infected patients. Antibiotic sensitivity testing was performed to establish any rise in resistance against the antibiotics.
Patients and Methods
This study was conducted at the Kasturba Medical College, Mangalore, Karnataka, India. It was a two and half year prospective study. The patients attending the outpatient department (OPD) of the Department of Otorhinolaryngology at the Kasturba Medical College and its associated hospitals were included in the study.
The study group consisted of eighty subjects divided into two groups of control and HIV. All the subjects were further subdivided based on age, sex, and socioeconomic status and data analsysis was done using SPSS 14.0.
Exclusion Criteria
All subjects in the study group should have no evidence of HIV infection was diagnosed by HIV ELISA and confirmation was done by western blot [10] . Once included in the study all the subjects were asked a detailed clinical history, followed by a detailed clinical examination. Routine investigations like complete blood count, CD4 count and urine routine were performed.
Specimen Collection [9] We used 0.85 to 0.9% normal saline mouth gargles or oral washings for collecting specimens. Subjects were asked to gargle for 1 min and then the contents are collected in a sterile container. Early morning samples were collected and samples were transported to the lab within 30 min.
Microbiological Techniques
Once in the laboratory the washings were inoculated in 5% sheep blood agar for aerobic culture using standard calibrated loop with an internal diameter of 4 mm. The inoculated plates were incubated for 24-48 h at 37°C. Colony count/ml was determined by multiplying the number of colonies by 100.
Identification of Bacteria [11] The bacteria were identified by colony morphology, gram staining, test for motility, catalase test, oxidase test and other biochemical tests. Staphylococcus aureus was identified by colony morphology, pigment production, gram staining, and catalase test, fermentation of mannitol and coagulase test.
Antibiotic Sensitivity Tests
Antibiotic sensitivity for the pathogens was done by the Kirby Bauer disc diffusion method (Bauer AW, Kirby WMM, 1966) using commercially available antibiotic discs (Hi-Media, Bombay). For non-fastidious bacteria, MuellerHinton agar and for fastidious bacteria, Mueller-Hinton agars supplemented with 5% sheep blood were used. The antibiotic discs used were: ampicillin (10 lg), amoxicillin (30 lg), amikacin (30 lg), chloramphenicol (30 lg), cefotaxime (30 lg), ciprofloxacin (5 lg), ceftriaxone (30 lg), co-trimoxazole (25 lg), cephazoline (30 lg), erythromycin (15 lg), gentamicin (10 lg), oxacillin (1 lg), penicillin G (10 lg), piperacillin (100 lg), tetracycline (30 lg), and tobramycin (10 lg). The plates were incubated at 37°C for 24 h and the results were interpreted based on the guidelines given by the National Committee for Clinical Laboratory Standards (NCCLS, 1990).
Results and Observations
Eighty patients were included in the study. The patients were subdivided into thirty normal (Control) and fifty HIVinfected patients (HIV).
Age and Sex Incidence

Control
The age range for this group was 9-75 years. The mean age in this group was 39.7 years (SD 15.8, Variance 249).
The male:female ratio was 2.75:1 (Table 1) .
HIV
The age range was 24-66 years with a mean age of 38.4 years (SD 8.87, Variance 78.67).
The male:female ratio was 5.25:1. In Control group the most common age group affected was the 31-40 years, followed by the 21-30 years age group with 33.33 and 16.67%, respectively. In the HIV group the most common age group affected was the 31-40 years with 54% of the subjects in this group (Table 1) .
CD4? T Cell Count
32% of subjects in HIV group had a CD4? T cell count in the range of 51-100 cells/ll ( Table 2 ). The mean CD4 value in HIV group was 179 (range 9-500). Only 2% of the HIV patients had CD4 counts more than 500.
Organisms Isolated
Controls
The most common commensal micro organism isolated was the Viridans streptococci in 60% followed by S. pneumoniae in 23.33%. The other commensals isolated are shown in Table 3 .
HIV Group
The most common commensal micro organism isolated was the Viridans streptococci in 42%; this was followed by the Micrococci spp. in 22% cases. S. pneumoniae was isolated in 6% of cases ( Table 4) . The most common isolate in both the groups were Viridans streptococci. Micrococci spp was isolated in 22% patients in HIV group compared to 3% in normal group (P = 0.005, SD = 6.22).
Colony Count
The colony count for Viridans streptococci showed a heavy growth in 55.56% of cases in controls whereas the same in HIV group was 62.5% (Table 5 ). Micrococcus spp. was isolated from 11 subjects in HIV group while it was isolated in one control patient. A heavy growth of Acinetobacter was found in 75 and 50% subjects in HIV group and controls, respectively. 50% subjects in the HIV group showed a heavy growth of Klebsiella spp. whereas controls showed only moderate and scanty growth. We found a In patients with CD4? T cell count less than 50 cells/ll we found a heavy colonization of the oral cavity with Micrococcus spp., Acinetobacter and Klebsiella spp. (Table 6 ).
Viridans streptococcus was not isolated in any of the patients with CD4? T cell count less than 50 cells/ll. As CD4? T cells counts improved to 51-100 cells/ll Viridans streptococcus colonies returned and 37.5% patients showed a heavy growth. Micrococcus spp. colonies were isolated till the CD4? T cells improved up to 300 cells/ll. At counts [ 300 cells/ll the oral microbiota became comparable to that of the controls.
Antibiotic Sensitivity Testing
The antibiotic sensitivity pattern in both the groups showed sensitivity to the most commonly used antibiotics. There was no evidence of any increase in antibiotic resistance among organisms even when the CD4? T cell count was less than 50 cells/ll.
Discussion
HIV-infected patients especially children have an exceptional vulnerability to invasive bacterial infections that is much greater than that seen in immunocompetent persons. Numerous defects in the immunologic system are responsible for the increased vulnerability of the HIV-infected to serious bacterial illness. These include defects in the cellmediated and the humoral arms of the immune system; phagocytic abnormalities including decreases in neutrophil number, multiple defects in neutrophil function and impairment in macrophage and monocyte function [12] ; functional asplenia and defects in three components of complement [13] . These defects become more severe as the HIV disease progresses. Other factors that increase susceptibility to infection in the HIV-infected include frequent use of broad-spectrum antibiotics, frequent hospitalizations, use of indwelling intravascular catheters that disrupt the integrity of skin, malnutrition, micronutrient deficiencies, and lack of adequate medical care. The results of these defects are: increased susceptibility to infection with encapsulated bacteria beyond age of 2 years, [14] increased nasopharyngeal colonization rates for S. pneumoniae and H. influenzae, [15] recurrent infections with the same bacterial species, increased susceptibility to infections with bacteria unusual in immunocompetent hosts and, increased morbidity and mortality.
Age and Sex Incidence
Sarkar K et al. [16] . in their study of female sex workers found HIV infection was much higher (12.5%) in younger sex workers with age B20 years compared with older age groups (5.4%). In our series the age range was 22-66 years with a mean age of 38.4 years. Men were five times more commonly affected than women. The most common age group affected was the 31-40 years; this is consistent with the findings of Leynaert et al. [17] and Kumar [18] et al. who observed the highest incidence of HIV in the late twenties and thirties.
CD4? T Cell Count
In our study, the mean CD4? T cell count in the HIV group was 179 cells/ll. Rogers MC et al. [19] found the median CD4 count was 97 cells/ll amongst concordant men and 222 cells/ll amongst discordant men.
Organisms Isolated
Schmidt-Westhausen et al. [6] found that 5% of the HIVinfected patients and 4.8% of the controls had different species of Enterobacteriaceae in the oral cavity. Yeasts were always associated with Enterobacteriaceae in the HIV-infected patients. In our series the most common micro organism isolated in the control group was the Viridans streptococci (60%); this was followed by the S. pneumoniae in 23.33% cases. In the HIV group, we found a shift in oral microflora with a reduction in the isolation of Viridans streptococci (42%) and S. pneumoniae (6%). We found an increase in the incidence of colonization with Micrococcus spp. (22%). Micrococcus species are usually considered normal inhabitants of the skin [20] and the isolation and increased colonization of oral cavity with these microorganisms has never been reported in the literature previously. Micrococcus species has been reported to cause localized cutaneous infections like folliculitis [20] and keratitis [21] in HIV-infected patients. Gray et al. [5] stated that the HIV-infected individuals are predisposed to infection with bacteria like S. pneumoniae, non-typhi Salmonella, S. aureus, Enterobacteraciae, Rhodococcus spp, Nocardia spp. Mascellino et al. [22] found high incidence of nosocomial bacterial infections in patients with AIDS and it was associated with high fatality rates. The most common micro-organisms isolated were gram-negative bacteria like E. coli, Proteus, Enterobacter, Serratia, and Klebsiella. The organisms that were isolated in our series were Viridans streptococci, Micrococcus, Acinetobacter, Klebsiella spp, Pneumococcus, Bacillus, and Moraxella catarrhalis. All these organisms are potentially pathogenic organisms especially so in a patient with HIV.
Viridans streptococci have been reported to cause various infections in HIV patients. Corti et al. [20] evaluated 61 episodes of infective endocarditis in intravenous drug abusers and human immunodeficiency type-1 virus infection. He isolated S. aureus in 73.1%, S. viridans in 19.5%, S. epidermidis in 2.4%, S. hominis in 2.4% and S. pneumoniae 2.4%. Milgrim et al. [21] studied sinusitis in human immunodeficiency virus infection and the most common organisms isolated were S. pneumoniae (19%), S. viridans (19%), and Pseudomonas aeruginosa (17%). It is important to recognize that infection due to atypical organisms must be considered if an HIV-infected patient with sinusitis does not respond to initial antibiotic therapy [22] .
Acinetobacter has been reported to cause sepsis, urinary, respiratory tract diseases and bacteremic pneumonia [23, 24] in HIV-infected patients. As opportunist pathogens with predominant nosocomial origin Acinetobacter spp. organisms may be responsible for an appreciable morbidity in patients with HIV disease, especially when additional risk factors like immunodeficiency, underlying diseases, and hospitalization are present [23] .
Correlation Between CD4? T Cell Count and Microbiota in the HIV Group Manfredi et al. [24] in their study on Acinetobacter infection in HIV patients found that all patients were severely immunocompromised with a mean CD4? lymphocyte count of 122 cells/ll and a frequent prior diagnosis of AIDS. As opposed to other infections, septicaemia was associated with a significantly lower CD4? T cell count and a more frequent occurrence of neutropenia. In our series, in patients with CD4? T cell count less than 50 cells/ll we found a heavy colonization of the oral cavity with Micrococcus spp., Acinetobacter and Klebsiella spp.
As CD4? T cells counts improved to 51-100 cells/ll, Viridans streptococcus colonies returned and 37.5% patients showed a heavy growth. Micrococcus spp. colonies were isolated till the CD4? T cells improved up to 300 cells/ll. At counts [300 cells/ll the oral microbiota became comparable to that of the controls. A thorough search of available literature has failed to highlight the reason for such a shift in oral microbial flora with a change in CD4? T cell count.
Antibiotic Sensitivity Testing
The antibiotic sensitivity patterns in both the groups were comparable. Although increased bacterial resistance to first line antibiotics has been reported by many authors [24, 25] we did not find any increase in the incidence of resistance. Surveillance studies of antimicrobial resistance have shown that bacterial resistance has been increasing in many nosocomial pathogens. Vancomycin-resistant Enterococcus increased in prevalence to 28.5%, whereas Methicillin Resistant S. Aureus had increased to 59.5%. Resistance of K. pneumoniae and Enterobacter spp. to third-generation cephalosporins increased to 20.6 and 31.1%, respectively. Resistance of Pseudomonas aeruginosa to imipenem, quinolones, and third-generation cephalosporin increased to 21.1, 29.5, and 31.9%, respectively [26] . Factors that increase antibiotic resistance include total antibiotic consumption as well as underuse through lack of access, inadequate dosing, poor adherence, and substandard antimicrobial usage [27] .
Conclusion
Opportunistic infections are the most common cause of death in patients with HIV and many of these are caused by commensal bacteria which are otherwise harmless in a normal individual. Our study is unique in that such a study of the oral commensals in HIV patients has never been reported. We found an increased colonization of the oral cavity by Micrococcus spp. which is a normal commensal of the skin. We could also establish a shift in the normal flora with a decrease in the immune competence assessed by CD4? T cell count. Although the exact significance of this phenomenon is not established, further research is required to ascertain its potential significance. There has been an alarming increase in the antibiotic resistance in HIV patients over the past few years. Although we did not find an increase in the resistance pattern, in wake of the numerous reports on antibiotic resistance we advice caution against the indiscriminate use of antibiotics.
